We aimed to determine current prevalence of asthma and risk factors associated with it in Pune, India. Methods. This was a crosssectional school-population-based study in which parents of school children aged 6-7 and 13-14 were administered an ISAAC questionnaire and an additional set of questions that detected the presence of potential risk factors known to be associated with asthma during 2008-2009 academic years. Results. Prevalence of current asthma was 6.7% (7% amongst 6-7-year olds and 6.3% amongst 13-14 year olds. Asthma was more common amongst boys (8.1%) than girls (4.9%) and more frequent in students studying in private schools (7.3%) than in those studying in public schools (5.8%). Risk factors such as family history of atopy, caesarian delivery, use of biomass fuel for cooking, absence of separate kitchen, absence of exclusive breastfeeding during the first 6 months of life, preterm birth, snoring, dampness at home, male sex, and parental smoking were significantly associated with asthma. Conclusion. There was a high prevalence of childhood asthma in Pune, India, which was associated with genetic and environmental risk factors.
Introduction
The prevalence of childhood asthma has grown dramatically in most western countries of the world [1] [2] [3] and has largely paralleled the growth in urbanization and industrialization [4] . In the developing countries although the prevalence of childhood asthma is reported to be lower, there is growing evidence to suggest that the prevalence is increasing alarmingly as it did in the western countries over 2-3 decades ago. Whether this is because of rapid urbanization, change in lifestyle, and increased levels of outdoor and indoor air pollution levels is not known.
The International Study of Asthma and Allergies in Childhood (ISAAC) is one study which has studied the prevalence of childhood asthma and the risk factors associated with it in more than 100 countries using a standardized study methodology. ISAAC studies have shown that asthma prevalence is much higher in industrialized and western countries as compared to developing countries such as Asia and Africa [5] . In 2003 the ISAAC study in the urban city of Pune reported the prevalence of wheeze in the last 12 months to be 2.9% in school children aged 6-7 and 13-14 [6] .
Pune is one of the fastest developing cities in India. The last decade has seen a remarkable growth in urbanization accompanied by a huge increase in the number of motor vehicles. This has led to a significant deterioration in the air quality. Moreover life style has also changed dramatically with increasing socioeconomic growth, which has parallel growth in weight, with obesity and overweight. A repeat ISAAC study performed after 5 years has shown an increase in childhood asthma prevalence in Pune city [6] . The aim of this study was to investigate the prevalence of childhood asthma in Pune city using the ISAAC protocol and also investigate the risk factors associated with childhood asthma.
Methods
This was a cross-sectional school-population-based study in which parents of school children aged 6-7 and 13-14 in Pune city were administered an ISAAC questionnaire and 2 ISRN Public Health an additional set of questions that detected the presence of potential risk factors known to be associated with asthma during the school academic year 2008-2009.
Study Population.
School children aged 6-7 and 13-14 were randomly selected from schools from Pune city. There are a total of 462 schools in Pune. The schools are broadly divided into two categories: public schools (n = 242) and private schools (n = 240). We then divided Pune into 4 zones (from the 14 geographical wards) with roughly similar total population size ( Figure 1 ). List of governmental registered schools from each zone was procured. Then, with simple random sampling, 4 schools from each zone were selected to make a total of 16 schools of which 8 were private and 8 were public. All the 6198 children between age group 6-7 and 13-14 studying in those schools represented children from various socioeconomic strata. Their age was confirmed as per school records. The study was approved by the local independent ethics committee before the start of the study. Prior permissions from educational authorities, school principals, and class teachers were obtained, and then children between the ages of 6-7 and 13-14 studying in those schools were invited to participate in this study.
Research Tools. The International Study of Asthma and
Allergies in Childhood (ISAAC) questionnaire were used as a tool to identify prevalence of asthma. This tool has been validated worldwide and has been used to determine asthma prevalence in more than two million children, so far. An additional set of questions that detected the information on potential risk factors associated with asthma were also added. These included environmental exposures (students' residency close to busy roads, parental smoking, type of cooking fuels, presence or absence of separate kitchen, type of house, ventilation, presence of wall dampness, presence of cockroaches and pets at home, weight at birth, birth order, presence of preterm birth, type of delivery, mother's age at the time of delivery, breastfeeding during first 6 months of life, vaccination, type of family, number of family members, number of siblings, eating habits, snoring during sleep, parental education, parental occupation, and annual income of family. The parents of study children were given a written information sheet that explained the purpose of the study and invited to complete the questionnaire after they gave their written informed consent. An additional set of questions related to the demography of schools and classroom environment like type of school, age of school, school distance from main road, presence of dampness in the classroom, presence of ventilation, and number of students in the classroom were directly filled out by the research team after consultation with the class teacher and school principal.
The original draft of parents' information sheet, consent form, and validated questionnaire were made in English and translated into the local language (Marathi) by an expert in this subject. The Marathi translation was subsequently back translated into English, which has been done by three different categories of people (a professional doctor, a qualified non-medical graduate, and a lay person).
For private schools, the parents' information sheet, consent form, and the questionnaire were distributed to the children with a request to get it signed and filled out by their parents or guardians at home. For children studying in public school, who usually represent children from lower and middle socioeconomic strata, a meeting was arranged with the parents with the help of the school teacher and principal as we anticipated that parents would be less educated. During this meeting, the study questionnaire and consent form were distributed. After obtaining their informed consent, the questionnaires were directly administered by the research staff to the parents with the help of the class teacher.
Asthma in the study population was defined as per the ISAAC study criteria, namely, "presence of wheezing or whistling in the chest, chest sounded wheezy during or after exercise, and dry cough at night; apart from a cough associated with a cold or chest infection" during the past 12 months, or if they answered "yes" to the question "has your child ever had asthma?".
Pilot Study.
Before the start of the main study, we conducted a pilot study in 1000 children studying in 3 public schools and 2 private schools, who were from different socioeconomic status in Pune city. Pilot study helps us to understand the logistic difficulties during the conduct of the study, to determine sample size for main study, to estimate the response rate, and also to study the parents' difficulties to understand how to fill in the questionnaire.
Statistical Analysis.
A sample size of 3800 was calculated based on the results of the pilot study conducted by us on 1000 school children in Pune, which has shown that ISRN Public Health 3 the prevalence of asthma in school children was 5%. The following formula was used for calculating the sample size:
A sample size of 1900 for age group 6-7 years and 1900 for age group 13-14 years were estimated; therefore, a precision value of 99% was given.
All the data collected from the returned questionnaires was double-entered by data input clerks into Epi-Info. The data set were then validated and consolidated by a single data manager. Prevalence of asthma in the study population was as the percentage of children having defined of asthma symptoms, based on preset definition. A subsequent descriptive analysis was performed to study agewise, sexwise, and school-type-wise prevalence of asthma.
A bivariate analysis was then performed to identify possible potential risk factors associated with asthma, as reflected by significant chi-square test. Logistic regression analysis was then used to determine the various potential risk factors associated with asthma. The impact of the risk factors was described in terms of the odds ratio and adjusted odds ratio along with confidence intervals. All the analysis was performed using SPSS (17) statistical analysis software.
Results
The questionnaires were distributed to a total of 6198 parents of children from 16 schools, out of which 4179 parents consented and completed the questionnaire. 270 questionnaires were filled in, but without signing the consent forms. These were excluded from the analysis. A total number of 3909 children were therefore used for final analyses. These included 1990 children aged 6-7 years and 1919 children aged 13-14 years ( Figure 2 ).
3.1.
Prevalence. The overall prevalence of childhood asthma as reported by parents was 6.7%. Prevalence of asthma in those between 6-7 years of age was 7.0% and 6.3% in those between 13-14 year of age. Overall, boys had a higher prevalence as compared to girls (8.1% versus 4.9%, resp.). Prevalence of asthma amongst children studying in public schools was 5.8%, and in those studying in private schools was 7.3% ( Figure 3 ).
The overall prevalence of ever experiencing wheeze was 9.5%, wheeze in the past 12 months was 5.4%, ever having asthma was 5.6%, chest sounded wheezy after exercise was 9.5%, and dry cough at night was 15.9%. The most common asthma symptom was therefore dry cough at night. Out of the total prevalence of 6.7%, only 5.6% children answered "yes" to the question "has your child ever had asthma?" (Figure 4 ).
Risk Factors.
Unadjusted odds ratio showed that having family history of atopy, birth by caesarian delivery, preterm birth, male gender, absence of exclusive breast feeding during first 6 damp walls, cockroaches at home, living in Kutcha (means mud or temporary) house, use of biomass fuel for cooking, residency close to busy roads, and distance of school ≤300 meters from main road were all significantly associated (all <0.05) with childhood asthma (Table 1) .
Using the logistic regression model, a positive family history of atopy emerged to be the strongest risk factor for development of asthma (adj. OR: 6.55; CI: 4.59-9.35), while birth by caesarian delivery was identified as the second strongest risk factor associated with childhood asthma. Childhood asthma was also significantly associated with other risk factors after adjustment and included preterm birth (adj. OR: 1.92; CI: 1.24-3.00), absence of exclusive breast feeding during first 6 months of life (adj 
Discussion
The prevalence of childhood asthma as defined by the ISAAC study protocol in this study was (6.7%) with no significant difference between children aged 6-7 years (7%) and those aged 13-14 years (6.3%). Childhood asthma was more common among boys (8.1%) than girls (4.9%). The observations that asthma is more prevalent amongst boys during childhood has been reported in several earlier studies [7, 8] ; similar findings were reported from India [9] , Italy [10] , United Arab Emirates [11] , and Iran [12] . The reason for male gender predominance during childhood is not known. It would be due to genderwise difference in airways patency due to hormonal differences.
An earlier study conducted in the city of Pune using the same study protocol in 8000 children (part of ISAAC phase III) reported a prevalence of 2.9% [6] . This study was conducted in 2003-2004. Our study which was conducted in 2008-2009 using the same study methodology reported an overall prevalence of childhood asthma of 5.4%, which is 80% higher [6] . Almost a doubling in the prevalence of childhood asthma over a short time period of 5 years is certainly worrisome and needs further investigation. It seems likely that rapid changes in the demographics of Pune city, such as increased urbanization, increased vehicular traffic density, and adaptation of western life style may have been responsible.
The prevalence of asthma was more common in children studying in private schools (7.3%), which represent relatively higher socioeconomic status as compared to children studying in public schools (5.8%), which mainly represent children from lower socioeconomic status. Children from the lower socioeconomic strata live in homes that are smaller and more overcrowded and were subjected to a greater exposure to microorganism, than children from high socioeconomic strata. These observations are in accordance with the hygiene hypothesis [13] . It could also be possible that children from the relatively higher socioeconomic class may be exposed to sociocultural factors that increase the risk of developing asthma. These include consumption of junk food and lack of physical exercise. With less physical activity, they are more likely to be obese. There is evidence to suggest that obesity is significantly associated with asthma, and there are arguments to support a causal relationship [14] .
A family history of atopy and asthma was the strongest risk factor associated with childhood asthma, with an adjusted odds ratio of 6.55 (CI: 4.59-9.35). Earlier studies from different parts of the world have also reported a strong association between family history of atopy and asthma with reported prevalence of asthma from Australia [15] , Scotland [16] , Taiwan [17] , and Sweden [18] . The strength of the association between family history of atopy and asthma observed in our study clearly highlights the fact that family history is indeed an important risk factor for asthma. Although asthma is known to run in families, the identification of an asthma gene has been elusive with over 100 genes found to be associated with asthma.
Caesarian section was the second largest risk factor associated with childhood asthma in our study (adj. OR: 3.84; CI: 2.67-5.54). This association has been previously reported from different studies from several countries [19] [20] [21] [22] . The strength of the association reported in our study and the consistency of the observation made across different parts of the world seem to argue for a causal relationship. Although we do not yet know the mechanisms by which caesarian deliveries may be linked with risk of developing asthma, it has been suggested that babies born by normal vaginal delivery swallow the microbial flora that colonizes the vaginal mucosa of the mother, which has been shown to stimulate the immune system to deviate towards a stronger Th1 direction than those born by the caesarian delivery who essentially have a sterile delivery [23, 24] .
Our study demonstrated a significant association between the type of fuel used for cooking and the prevalence of childhood asthma. Children who lived in homes that used biomass or kerosene fuel showed a higher prevalence of asthma as compared to those children who lived in homes that used liquefied petroleum gas for cooking (adj. OR: 2.94, CI: 1.07-8.04). These observations are in accordance with earlier published studies [25] [26] [27] ; while some have reported no association [28] , others found a protective effect [29] . Use of biomass or kerosene is associated with higher levels of particulate and gaseous indoor air pollution [30] , and studies have shown that indoor air pollution is indeed a strong risk factor associated with childhood asthma [31] [32] [33] [34] [35] . Although these observations have been reported in other countries, the strength of the association noted in our study suggests a true causal association.
Childhood asthma was also associated with the absence of a separate kitchen at home (adj. OR: 2.33, CI: 1.35-4.02). This is a novel observation, which highlights the fact that the kitchen is an important determinant of lung health. We have earlier reported that people living in homes with no separate kitchen had a 2.5-fold greater odds of having COPD (Brashier B. abstract submitted to European Respiratory Society, 2008). People who live in single-room homes where the kitchen and the living room are in the same area would be exposed to higher levels of indoor air pollution due to cooking. There are several other sources of indoor air pollutants, which may compound the effects of cooking generated pollutants, such as the burning of mosquito coil, burning of increase, and passive smoking.
In accordance with earlier reported studies [36, 37] , we found that children who were not exclusively breastfed showed a stronger association with asthma (adj. OR: 1.97, CI: 1.37-2.83) as compared to those who were exclusively on breast milk for the first 6 months of their life. This association was especially stronger amongst the 13-14-year old children (adj. OR: 3.15, CI: 1.85-5.37). The results of this study add support to the growing body of evidence that shows that breastfeeding is likely to be protective against childhood asthma [36] [37] [38] [39] . The mechanism of the effect of breastfeeding on asthma is, however, not clear. This could be due to the immunological and nutritional benefits of human milk [40, 41] . Specific components in human milk have been suggested to promote the maturation of the immune system, such as large numbers of active white cells which release biologically active chemicals into the digestive system and surrounding tissues that have the potential to influence the developing immune system [42, 43] . Furthermore, it has been shown that lung development is aided by a number of growth factors found in human milk [39] .
We observed that children aged 6-7 born with lownormal gestational age (<36 weeks) had a 92% greater risk of having asthma (adj. OR: 1.92 CI: 1.24-3.00) as compared to those born with normal gestational age. However, this association was not found in children aged 13-14. This observation is in conformity with earlier reported studies [44, 45] and extends our understanding of the relationship between gestational age and asthma. It is clear from previous studies that children with bronchopulmonary dysplasia and severe respiratory illnesses attributable to premature birth often experience persistent airway hyperresponsiveness and symptoms consistent with asthma. Babies born prematurely may have poorly developed airways and delicate lungs that may make them susceptible to develop asthma [46, 47] .
Another novel observation in our study was that children who were reported to habitually snore had a significantly greater odds of having associated asthma (adj. OR: 1.85; CI: 1.21-2.84). There are very few studies that have investigated this association [48, 49] . with some reporting a higher prevalence of asthma amongst frequent snorers [50, 51] . There are a number of potential mechanisms by which asthma and snoring might be linked. An increased drive to breathe deeply during sleep in active asthma can lead to increased upper airway suction pressures, leading to snoring. Alternatively, worsening of gastroesophageal reflux induced by snoring may also trigger asthma [51] . However, we did not gather information about gastroesophageal reflux in the present study. The upper airway vibration can stimulate upper airway cough receptors and induce reflex bronchoconstriction, which has been demonstrated in an animal model [52] . Also, snoring might play a more direct role in the underlying pathology of asthma. The upper airway vibration and increased suction pressures in the pharynx are powerful mechanisms that promote the transfer of nasal mucus into the lower airways. Clearly, transfer of such material onto the glottis inlet can induce cough by the stimulation of glottis cough receptors. However, this same mechanism has the potential to deliver relatively large quantities of mucus, laden with key allergens, such as house dust mite, into the airways and could contribute to develop asthma or it may be a simple comorbid condition associated with asthma [49] .
Presence of damp walls at home was associated with increased prevalence of childhood asthma (adj. OR: 1.59, 6 ISRN Public Health CI: 1.07-2.38). A series of large-population-based epidemiologic studies [53] [54] [55] have reported consistent associations between dampness and mold in the home and the risk of asthma or wheezing in children. A review of 61 studies in children and adults concluded that dampness of walls is indeed a significant risk factor for cough, wheeze, and asthma [56] . The specific causal agents related to indoor dampness are not well understood. However, studies indicate that molds may grow in these damp walls and induce immunoglobulin-E-mediated hypersensitivity reactions toxic reactions caused by mycotoxins along with nonspecific inflammatory reactions caused by irritating volatile organic compounds produced by microbes on cell wall components, such as 1,3-β-d-glucan and ergosterol [57, 58] . It has been shown that different species of fungi induce asthma by different mechanisms [59] . We have reported earlier that homes of asthmatic children have 2-fold greater amounts of fungi in the air as compared to homes of nonasthmatic children (Mandrekar S. abstract submitted to European Respiratory Society, 2008).
Children exposed to passive smoke at home had a 48% increased prevalence of asthma (adj. OR: 1.48, CI: 1.00-2.20). Numerous studies have suggested that exposure to tobacco smoke is indeed an important risk factor for the development of childhood asthma [26, 60] .
Conclusion
The prevalence of asthma has grown dramatically in the city of Pune in the last 5 years, most likely due to growing urbanization, modernization, overcrowding, growing motor vehicular exhaust air pollutants, and changing lifestyles. These observations seem to follow those that were earlier reported in developed countries several decades ago, suggesting that modernization and urbanization are indeed a driving force for increasing asthma prevalence. This is one of the first studies in India that has identified the presence of several risk factors associated with childhood asthma. Whilst questionnaire-based studies such as this do have certain drawbacks, identification of these risk factors paves a new way forward to understand asthma better in India. Some of the risk factors identified in this study such as having family history of atopy and asthma, male gender, presence of damp walls at home, smoker at home, preterm delivery, and absence of exclusive breast feeding during first six months of life have been reported in earlier studies from across the world and therefore reiterate the importance of these risk factors for asthma even in an Indian context. Moreover, this study also identified novel risk factors associated with asthma that have not been reported earlier in the Indian population such as absence of separate kitchen, caesarian delivery, snoring during sleeping, and use of biomass fuel for cooking. Identification of these risk factors as reported in this study has several public health applications. These observations need to be replicated in future studies across the country to understand regional or geographic variations. Whilst the associations that we have reported do not imply direct causal relationships, they offer some evidence of potential risk factors that could or need to be avoided to prevent the development of childhood asthma in India, so that asthma can be prevented in the subsequent generation.
